OBJECTIVE: To assess the ability of simple de®nitions of BMI to successfully screen for children with high body fatness. DESIGN: We determined the sensitivity and speci®city of the body mass index (BMI) by testing its ability to correctly identify children with high body fat percentage. Receiver operator characteristic (ROC) analyses were carried out using the top 5% of body fat percentage to de®ne children as obese (true positives). SUBJECTS: Representative sample of 4175 7 y-old (88 ± 92 month-old) children (2120 boys; 2055 girls) participating in the Avon Longitudinal Study of Pregnancy and Childhood (ALSPAC). RESULTS: The current obesity de®nition based on BMI (95th centile) had moderately high sensitivity (88%) and high speci®city (94%). Sensitivity and speci®city did not differ signi®cantly between boys and girls. The ROC analysis showed that lower cut-offs applied to the BMI improved sensitivity with no marked loss of speci®city: the optimum combination of sensitivity (92%) and speci®city (92%) was at a BMI cut-off equivalent to the 92nd centile. Sensitivity of BMI using the new International Obesity Task Force (IOTF) cut-off for obesity was much lower, and differed signi®cantly (P`0.001) between boys (46%) and girls (72%). CONCLUSIONS: Screening for childhood obesity using the BMI is speci®c, and can have moderately high sensitivity if an appropriate cut-off is chosen. New recommendations based on the IOTF approach to de®ning childhood obesity are associated with lower sensitivity, and sensitivity differs between boys and girls.
Introduction
There is now considerable concern over the trend towards increasing fatness in children, 1 and in the recent marked increase in childhood obesity. 2, 3 These trends have led to an interest in the question of which de®nitions should be used to distinguish the obese child, and whether the same de®nitions are appropriate for clinical practice and epidemiology. 4 Since obesity is, by de®nition, excess body fatness, it should ideally be de®ned on the basis of body fatness measurement. 1, 5 However, since measurement of body fatness is rarely possible in clinical practice, simpler proxy measures of excessive fatness are usually preferred. Body mass index (BMI, weight (kg)aheight 2 (m 2 )) is a simple and convenient proxy measure of obesity which is now widely recommended for paediatric use. 4,6 ± 8 Obesity de®nitions in childhood which use BMI are dependent on cutoff values relative to age and sex-speci®c reference data. At present, a BMI b95th centile (BMI s.d. score b1.64) is recommended by an expert committee in the USA as the cut-off which should be applied to the distribution of BMI to de®ne childhood obesity, both for clinical practice and epidemiology. 8 A more recent approach based on BMI, recommended by the International Obesity Task Force (IOTF) for epidemiological use, is to use the childhood`equivalents' of the BMI in adults which correspond to BMI 25 and 30. 9 Despite a perception that BMI cut-offs are nonspeci®c, and so tend to identify non-obese children as obese, 4 their major problem may be low sensitivity. That is, failure to identify the obese child. 10 ± 13 There is also a concern that sensitivityaspeci®city of the commonly used obesity de®nitions might differ between the sexes, 10, 13 though not all studies have reported this. 11, 12 If the sensitivity of BMI, when used to screen for obesity, differed signi®cantly between the sexes, then different screening toolsaobesity de®-nitions would have to be used for boys and girls. A further disadvantage of the BMI is that it has limitations as a means of monitoring secular trends in childhood obesity: changes in fat-free (lean body) mass cannot always be readily distinguished from changes in fat mass since BMI is a proxy for both. 1, 14 The BMI has also been criticized on other grounds. 15 The aim of the present study was to assess the relative merits of using BMI with each of the two recently recommended approaches: cut-off of 95th centile; 8 cut-off based on the new IOTF approach. 9 A secondary aim was to use receiver operator characteristic (ROC) analysis in order to determine whether alternative cut-offs based on BMI could be used to improve sensitivityaspeci®city.
Subjects and methods

Subjects
Subjects consisted of 4175 children participating in the prospective, longitudinal, Avon Longitudinal Study of Pregnancy and Childhood (ALSPAC) study, 16 born in 1991. The entire cohort consists of around 14,000 children. 16, 17 The sample was broadly representative of both the larger geographically de®ned birth cohort, and of the UK, though with a slight over-representation of wealthier families and under-representation of children from ethnic minority groups relative to the UK. 17 Anthropometric data at birth and in early life were almost identical to contemporary UK reference data. 17 Ethical approval for the study was obtained from the three health authorities in the then county of Avon, England, and from the Ethics and Law sub-committee of ALSPAC.
Procedures and de®nitions
De®nition of excess fatness
Obesity, by de®nition, is excess body fatness, so its assessment should be based ideally on measurement of body fatness (body fat percentage or fat mass). This is best measured using a`reference' method such as hydrodensitometry (measurement of body density by underwater weighing) or a multi-component model. 5 Since these reference methods are unsuitable for epidemiological work, and can be technically complicated, it is usually necessary to use`®eld' methods which have been validated against the laboratory reference methods. 5, 18 Agreement with the reference method should be tested using appropriate statistical methods, and any prediction equations should be validated in the population under study since prediction equations and`®eld' methods tend to be highly population-speci®c. 5 In the present study we estimated body fat percentage in our large representative sample of children using a method which had been previously shown to estimate body fat percentage in prepubertal British children with acceptable accuracy relative to a reference method, hydrodensitometry. 19 This entailed measurement of bioelectrical impedance at 50 kHz, using a Bodystat 1500 impedance monitor (Bodystat, Isle of Man, UK) as previously described, 19 and use of the Houtkooper equation 20 to estimate body fat percentage from measured resistance.
In older children, levels of body fat percentage (b25% fat in boys;b32% fat in girls) which are associated with adverse cardiovascular risk pro®les are available:
18 these constitute a`biological' de®ni-tion of excess body fat percentage. However, children in our study were all aged 7 and so this biological de®nition of excessive fatness could not be used. We therefore de®ned excessive body fatness as the top 5% of the body fat percentage distribution in the cohort, as estimated by the Houtkooper equation. 20 A`true positive' in the present study was therefore a child with body fat percentage in the top 5% of the distribution.
Though somewhat arbitrary, this de®nition of excessive fatness is consistent with other practice in paediatrics, 8 and the precise cut-off chosen to de®ne excessive body fat percentage did not in¯uence our conclusions as to the overall sensitivity and speci®city of BMI, as in other studies. 10 ± 13 Anthropometric measurements
In each child we measured height (to 0.1 cm) using a Leicester Height Measure, and weight (to 0.1 kg) in underwear using a SECA scale. From these measurements we calculated BMI and expressed this relative to UK reference data 21 as a standard deviation score (SDS) using software provided by the Child Growth Foundation, London. Two`de®nitions' of obesity based on BMI were compared: BMIb95th centile 8 relative to UK 1990 reference data 21 (equivalent to the American expert committee recommendation but with UK reference data for BMI); a new de®nition from the IOTF 9 (conceptually equivalent to BMI of 30 kgam 2 in adults, BMI values of 19.3 for 7 y old boys and 19.2 for girls).
Statistical analysis and power
Speci®city and sensitivity were calculated using standard methods 22 compared to the validated method of determining body fat percentage. Sensitivity was de®ned as the percentage of obese children (children in the top 5% of the body fatness distribution based on bioimpedance estimates) classi®ed as such by BMI. Speci®city was de®ned as the percentage of non-obese children (children not in the top 5% of the body fat distribution by bioimpedance estimates) classi®ed as non-obese by the BMI. Of the 4175 children studied, successful bioimpedance estimates and measures of BMI were obtained from 3948 (2010 boys, 1938 girls) and these were used in the analysis, with 5% de®ned as true positives (n 197). The present study had a substantially larger sample size than those on screening for childhood obesity currently in the literature, 10 ± 13,23,24 particularly given the relatively homogenous nature of the sample.
Identi®cation of the obese child JJ Reilly et al
Chi-squared tests were used to determine the equivalence of sensitivity and speci®city between the sexes. Information on the sensitivity and speci®-city of the three measurements was intended to clarify their clinical and epidemiological effectiveness in correctly identifying truly obese children.
ROC curves 22 were used to identify the optimum trade-off between sensitivity and speci®city for cutoffs in the BMI distribution of UK 1990 reference data. The optimum cut-off point is usually considered to be the point where the ROC curve sharply turns. 22 For the ROC analysis in the present study we set a series of cut-offs for BMI based on UK 1990 reference data ranging from the 74th to the 99th centiles (BMI s.d. score 0.64 ± 2.33).
The aims of the analysis were: (a) to identify the sensitivity and speci®city of the simple indicator of obesity (BMIb95th centile) which is currently recommended; 8 (b) to determine the sensitivity and speci®-city of the IOTF alternative de®nition of obesity based on BMI; 9 (c) to identify the cut-offs for BMI with highest sensitivity and speci®city in obesity screening.
Results
Descriptive characteristics of the subjects in the cohort are given in Table 1 .
The data used to calculate sensitivity and speci®city are shown in Table 2 . Sensitivity and speci®city of the various measures and cut-offs did not differ signi®-cantly between boys and girls for the de®nitions based on UK 1990 reference data and so data were combined. At the BMI cut-off recommended for de®nition of obesity (95th centile or BMI s.d. 1.64) sensitivity was 88%. This means that 88% (173a197) of those children in the top 5% of the body fat percentage distribution were correctly identi®ed using the BMIb95th centile as a de®nition of obesity. Speci®city was 94%: 94% of children who were not obese were classi®ed correctly as non-obese using the BMI. The false positive rate (100-speci®city%) of BMIb95th centile as an obesity de®nition was 6%. The false negative rate (100-sensitivity%) of this de®nition was 12%.
The optimum cut-off based on BMI which combined highest sensitivity (92%) with high speci®city (92%) was the 92nd centile, as shown in the ROC curve (Figure 1 ).
Sensitivity and speci®city of the new IOTF 9 de®ni-tion of obesity are shown in Table 3 . Sensitivity was relatively low for the obesity cut-off at 46% (46a100 true positives) in boys and 72% (70a97 true positives) in girls. This difference in sensitivity between the sexes was statistically signi®cant (P`0.001). Figure 1 Receiver operator characteristic curve for body mass index centiles 98 ± 74 (from left to right), UK 1990 reference data. 21 Identi®cation of the obese child JJ Reilly et al However, speci®city was high and not signi®cantly different between boys and girls at 99%.
Discussion
Advantages of BMI for clinical practice
This study con®rms that the de®nition of paediatric obesity now being widely recommended, 4,6 ± 9 based on the BMI, is associated with high speci®city, and so will identify few non-obese children as obese if used clinically as a screening tool. Any de®nition suitable for clinical use must have high speci®city in order to avoid unnecessary treatment of non-obese children, the stigma associated with being labelled obese, and potential for consequent harm. 7, 8 Historically, low sensitivity of BMI as a screening tool for clinical practice has been regarded as acceptable so long as its speci®city was high. 8 The BMI has other advantages as an index of childhood obesity for clinical practice: it is relatively simple, and it provides consistency with adult practice. An expert committee in the USA recently recommended referral for in-depth medical assessment of children with BMIb95th centile, 8 largely on the grounds that these children tend to remain obese and have greater risk of adverse health outcomes in both the short and long term. 8 In the UK there are no such formal guidelines, but the BMI charts for children (Child Growth Foundation, London) recommend that treatmentareferral should be considered if BMI lies above the 98th centile. Our study showed that use of BMIb98th centile with UK 1990 reference data as an obesity de®nition had low sensitivity (71%) but high speci®city (98%).
Limitations of BMI for epidemiology
If the variant of BMI being used to de®ne obesity has low sensitivity, this is a problem for epidemiology since obesity prevalence will be substantially underestimated. In the present study, the sensitivity of BMI was somewhat higher than in other reports 10 ± 13,23,24 and could be moderately high so long as the appropriate cut-off was chosen from the UK 1990 reference data ( Figure 1) . As in adults, 25 low sensitivity is a potential limitation of the BMI, but the present study suggests that, while BMI is not ideal, this limitation can be minimized in children with choice of an appropriate cut-off. While our sample consisted entirely of 7 y old children, there is currently no evidence that sensitivity and speci®city of obesity screening differs signi®cantly during childhood before puberty 10 ± 13,23 ± 25 A further potential limitation of BMI is that use of trends in BMI, or weight adjusted for height in other ways, has made it dif®cult to discern trends in obesity. 1, 5, 14 The BMI is a function of weight and height only and when it increases in populations over time changes in lean body mass cannot be readily distinguished from changes in body fatness. Changes in skinfold thickness or body fat percentage are less equivocal and might provide greater con®dence for epidemiological applications. 1, 5, 14, 23 The BMI has disadvantages for other applications. For example, in population genetic analysis of obesity, BMI can only be a crude index of the phenotype.
Conclusions
While sensitivity of BMI relative to UK 1990 reference data was moderately high, the recommended de®nition of obesity based on BMI from the IOTF had low sensitivity, and sensitivity differed signi®-cantly between the sexes. This would lead to substantial underestimation of obesity prevalence, and the underestimate would be more marked in boys than girls which could lead to artefactual differences in obesity prevalence between the sexes. Use of the lower cut-off (`equivalent' to BMI of 25.0 and a de®nition of`overweight'), recommended by the IOTF, had higher sensitivity (90% in boys; 97% in girls). However, speci®city was somewhat lower and differences in sensitivity between boys and girls were still statistically signi®cant. study team, including measurers, interviewers, computer technicians, clerical workers, research scientists, volunteers and managers. The ALSPAC study is supported by a variety of funders including, the Medical Research Council, The Wellcome Trust, the Department of Health, MAFF, other companies and medical charities. ALSPAC is part of the WHOinitiated European Longitudinal Study of Pregnancy 
